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[57] ABSTRACT 
A water heating system includes a solar collector panel, 
a hot water heater tank, a serpentine tube-in-sheet heat 
exchanger jacket built into the water tank assembly, 
pumping means, ?uid transfer means and means for 
securing the heat exchanger jacket around the hot 
water heater. The solar collector panel has a ?rst pas 
sageway which lies beneath the outer surface of the 
panel such that incident solar energy is used to elevate 
the temperature of an energy-absorbing ?uid which is 
circulating through this ?rst passageway. The heat 
exchanger jacket is constructed with second and third 
passageways which are positioned in a double serpen 
tine coil arrangement. The energy-absorbing fluid from 
the collector panel ?ows through connecting conduits 
to and from the second passageway. Water within the 
hot water heater is coupled to the third passageway 
and, as it circulates through the third passageway, this 
water is elevated in temperature by means of conduc 
tion from the energy-absorbing ?uid. The energy 
absorbing ?uid, by raising the temperature of the heat 
exchanger jacket, also elevates the temperature of the 
water within the hot water heater by conduction 
through the wall of the hot water heater. Thus, two 
modes of heat transfer are used to heat the water within 
the hot water heater. Suitable pumps and valves are 
provided in order to control the ?ow of the ?uids dur 
ing the various climatic conditions.’ 

3 Claims, 7 Drawing Figures 
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WATER HEATING SYSTEM USING SOLAR 
ENERGY - 

This is a continuation of application Ser. No. 810,888 
?led June 28, 1977 now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention , 
This invention relates in general to water heating 

systems and in particular to such systems which utilize 
solar energy. 

2. Description of the Prior Art 
Solar energy devices which utilize the sun’s radiant 

energy for heating some medium are well known in the 
art. Such devices may include an air-to-air heat transfer 
mode or air-to-liquid. Conventional solar energy collec 
tors are often designed with a box-like enclosure cov 
ered with a glass pane or lens and having some type of 
?ow conduit therethrough. As radiant energy strikes 
the surface of the glass pane or lens, a majority of the 
heat energy will be absorbed within and a minimum 
amount of heat energy will be re?ected off and lost. As 
heat energy is absorbed within the box-like enclosure, 
the temperature of the medium ?owing through the 
conduit will be elevated. This medium, very often wa 
ter, is then transferred to a use location and/or placed in 
a storage container for use at a later time when there 
may not be sufficient sunlight to satisfy the heating 
demands. Of course, a conventional water storage con 
tainer is a hot water heater which is normally thought 
of supplying hot water in response to electric or natural 
gas heating units. However, it is possible to supplement 
these electric or gas heating elements with solar energy 
thereby reducing the demand on the limited and more 
expensive forms of energy. One such system has been 
offered by State Industries, Inc. of Ashland City, Ten 
nessee. This system is detailed in a “Solarcraft” bro 
chure and utilizes an energy-absorbing ?uid which cir’ 
culates between the solar panel and a heat exchanger 
jacket which surrounds the water storage tank. A simi 
lar system has been-offered by American Heliotherrnal 
Corporation of Denver, Colorado. This system which is 
detailed in a publication entitled “Residential Domestic 
Hot Water System,” also incorporates an annular jacket 
positioned about the water tank and utilizes an energy 
absorbing ?uid to supplement the heating of the water 
within the tank. 
Both of these systems involve a heat exchanger hav 

ing a single passageway and a single ?uid therein. The 
entire extent of the heat transfer to the water within the 
tank, which will ultimately be used at a remote location, 
is from the energy-absorbing ?uid through the heat 
exchanger surface and then through the wall of the 
water storage tank. In order to heat all of the water 
within the tank, heat must be applied to the exterior of 
the tank for sufficient length of time in order to allow 
heat to transfer through the tank wall and then through 
the outer portions of water to reach the inner portions 
of water. Of course, with any solar energy system, the 
object is to retain and ef?ciently utilize as much of the 
radiant energy as possible. One way to do so, is‘to re 
duce thermal insulation between the energy absorbing 
?uid and the water so that unproductive heat‘ dissipa 
tion is held to a minimum level. ~ 
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2 
SUMMARY OF THE INVENTION 

One embodiment of the present invention comprises a 
solar collector panel, a hot water heater having a stor 
age tank, a heat exchanger jacket built into the heater 
assembly, pumping means, fluid transfer means and 
means for circumferentially securing the heat ex 
changer jacket around the hot water heater tank. The 
solar collector panel has a ?rst passageway cooperating 
therewith, and the heat exchanger jacket has therein a 
second passageway and a third passageway. The second 
passageway couples in a continuous ?ow loop with the 
?rst passageway and the continuous ?ow loop has a 
working ?uid therein. The pumping means is operable 
to circulate the working ?uid through the continuous 
?ow loop. The ?uid transfer means is operable to circu 
late water from within the storage tank through the 
third passageway and back into the storage tank. 
One object‘ of the present invention is to provide an 

improved water heating system. 
Related objects and advantages of the present inven 

tion will be apparent from the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a water heating 
system according to a typical embodiment of the pres 
ent invention. 
FIG. 2 is a elevational view of a hot water heater 

assembly with a portion in section to show internal 
features. 
FIG. 3 is a perspective of a heat exchanger jacket in 

the ?at state prior to curing around the water tank in 
FIG. 2 of the water heating system. 
FIG. 4 is a sectional view of the heat exchanger 

jacket taken along 4-4 in FIG. 2. 
FIG. 5 is a sectional view of the hot water heater 

taken along 5-5 in FIG. 2. 
FIG. 6 is a perspective view of a band clamp compris 

ing a portion of the ‘FIG. 1 water heating system. 
FIG. 7 is a perspective view of an alternate heat 

exchanger jacket associated with the water heating 
system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

For the purposes of promoting an understanding of 
the principles of the invention, reference will now be 
made to the embodiment illustrated in the drawings and 
speci?c language will be used to describe the same. It 
will nevertheless be understood that no limitation of the 
scope of the invention is thereby intended, such alter 
ations and further modi?cations in the illustrated de 
vice, and such further applications of the principles of 
the invention as illustrated therein being contemplated 
as would normally occur to one skilled in the art to 
which the invention relates. 

Referring to FIG. 1, water heating system 20 is ar 
ranged with its various electrical and ?uid connections 
as it would be when employed as part of a residential (or 
business) hot water delivery system. Inasmuch as water 
heating system 20 utilizes solar energy to supplement 
the more. conventional forms of energy such as natural 
gas and electricity to heat water, solar collector panels 
21 are required for the absorption of incident solar radi 
ation. Although two such panels are shown, size and 
number of panels depends upon the geographical loca 
tion- of the system, the interval durations of incident 
sunlight and the amounts of hot water required. In areas 
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where sunlight is limited, a greater collecting area will 
be required in order to capture suf?cient heat. Likewise, 
if there are large amounts of hot water required, addi 
tional panels will improve system operation and system 
recovery. Any commercially available solar collector 
panel may be acceptable for use with this water heating 
system so long as there is a passageway 22 which ex 
tends through the collector panel and a suitable inlet 
port 23 and outlet port 24 connecting to this passage 
way so that energy absorbing (working) ?uid is able to 
be circulated through the passageway. A suitable work 
ing ?uid for this water heating system is Q21 132 silicone 
heat transfer ?uid produced by Dow Corning Corpora 
tion; Midland, Mich. 
By means of pump 27, relatively cool, energy-absorb 

ing fluid entering inlet port 23 will be circulated 
through passageway 22 as heat from within collector 
panel 21 is transferred to this ?uid. The ?uid exiting the 
collector panel through outlet port 24 will be at an 
elevated temperature and will be circulated to heat 
exchanger jacket 28 which surrounds the inner storage 
tank 29 of a conventional hot water heater assembly 30. 
Hot water heater assembly 30 is connected to a sup 

ply source 33 of cold water, such as a public water 
main, by means of pipe 31. Once heated, hot water is 
able to be withdrawn from heater assembly 30 in re 
sponse to the opening of a faucet valve or the like such 
as, for example, at a kitchen sink. Pipe 32 which exits 
from heater assembly 30 is shown as the supply line to 
the faucet valve. Pipes 35 and 35a connect the water 
inlet tube 36 of heat exchanger jacket 28 to pipe 31, and 
pipe 37 connects the hot water outlet tube 38 of heat 
exchanger jacket 28 to storage tank 29. In this arrange 
ment, cold water is supplied to hot water heater assem 
bly 30 by means of pipe 31 as hot water is used. Cold 
water from source 33 will normally enter the tank pri 
marily through vertical pipe 31a extending'to a point 
near the tank bottom. It may also pass through pipe 35a, 
pump 39, pipe 35, jacket 28 and pipe 37 into the tank, 
particularly if ‘the pump is running. With the working 
?uid at an elevated temperature and circulated through 
jacket 28, the cold water entering jacket 28 by pipe 35 
will be heated by thermal conduction from the working 
?uid. Thus the water emptied into tank 29 by pipe 37 
will be at an elevated temperature. The cold water 
introduced directly into storage tank 29 enters through 
pipe 310 at a location adjacent the bottom. By means of 
heat exchanger jacket 28 and the circulating ?uid 
therein which is at an elevated temperture, heat is trans 
ferred to the water within tank 29 by two modes. First 
heat is transferred to the water in tank 29 by thermal 
conduction from the working ?uid through jacket 28 
and through the tank wall. Secondly, heat from the 
working ?uid is transferred to the water within jacket 
28 which circulates through tank 29. 
As cooler water is introduced into tank 29, it will 

orient itself toward the lower portion of the tank, with 
the hotter water above it. Thus with supply source 33 
shut off and pump 39 energized, cooler water is drawn 
out of the lower portion of tank 29 through pipe 310 and 
is pumped to water inlet tube 36 of jacket 28. As this 
water circulates and is heated, it reenters tank 29 at the 
upper portion where the hotter water is located. Thus, 
as this circulated and heated water is reintroduced into 
tank 29, the effect is to aid the conduction action 
through the tank wall to more rapidly heat the water 
within. tank 29. 

20 

4 
Inasmuch as most of the features of hot water heater 

assembly 30 may be of a conventional design, it is 
equipped with three pipe ?ttings. One ?tting is for cold 
water inlet, which is provided through pipe 310. The 
second is for hot water out and to which pipe 32 is 
connected as previously described. The third is for a 
relief valve. However, 'in implementing the present 
invention, the third ?tting is used for connecting to the 
hot water outlet pipe 27 from jacket 28. Therefore, 
drain pipe 43 and relief valve 40 are connected to the 
hot water outlet at a tee ?tting 32a and provide a safety 
release in the event internal pressure builds to an unsafe 
level. 
Pumps 27 and 39 are constructed with a single inlet 

port and a single outlet port and are energized electri 
cally from a conventional 110 volt house current. Such 
pumps are well known in the art and further details of 
the mechanical and electrical features are not thought 
necessary. 

Inasmuch as water heating system 20 utilizes solar 
energy as a supplemental form of energy, the ability to 
heat the working ?uid circulating through solar collec 
tor panels 21 is dependent on the presence of sunlight. 
When there are cloudy, overcast or darkened condi 
tions, there will not likely be sufficient solar radiation 
incident upon the surface of solar collector panels 21 to 

' elevate the temperature of working ?uid circulating 
' therethrough to a level suitable to maintain or to in 
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crease the temperature of the water in the heat ex 
changer jacket and in the hot water heater. Therefore, 
positioned within the solar collector panels may be a 
photo-electric sensor or, more likely, a temperature 
sensing device, such as, a thermostat 41. Although in 
actual use, thermostat 41 is positioned within one solar 
collector panel 21, for drawing clarity herein thermo 
stat 41 has been located external to solar collector pan 
els 21 so that the various electrical connections can be 
shown. Once a desired temperature for the working 
?uid has been decided upon, such as, for example, 150° 
F., the thermostat is set to this level. When there is 
insuf?cient sunlight and thus insufficient heat absorbed 
within the panels to reach this threshhold temperature, 
the thermostat 41 will respond and send an electrical 
signal to relay 42 which in turn deenergizes and shuts 
off pumps 27 and 39. With pump 27 shut off, working 
?uid will not be delivered to the heat exchanger jacket 
and a heat transfer loss from the water to the working 
?uid will not result. 

Additionally, in order to prevent water ?ow in either 
direction through deactivated pump 39 and the water 
passageway of heat exchanger jacket 28, a solenoid 
valve 44 controlled by relay 42 is placed in the heat 
exchanger jacket water path and closes pipe 35 at the 
same time pumps 27 and 39 are shut off. One-way check 
valve 47 in supply pipe 31 prevents back ?ow of water 
into the supply source at any time. 
Heat exchanger jacket 28 may be constructed of two 

copper plates or sheets fused together and which have 
been formed with matching semicircular passageways 
in order to form a heat exchanger jacket having a dou 
ble serpentine coil. One serpentine passageway 45 
carries working ?uid and the other serpentine passage 
way 46 which connects between inlet tube 36 and outlet 
tube 38 carries water. This type of heat exchanger 
jacket may be formed in conventional manner using the 
Olin-Brass Corporation “Roll Bond” ' construction 
known in the art. ~ ' 
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FIG. 4 is a sectional view of the heat exchanger 
jacket taken along line 4-4 and shows the double sheet 
construction and the cross-sectional shape of the work 
ing ?uid and water passageways. By using a material 
such as copper, which has a comparatively high heat 
transfer coefficient and due to the arrangement and 
proximity of passageways 45 and 46, it should be appar 
ent that the heat within the working ?uid will be readily 
transferred by means of thermal conduction to the wa 
ter. 
An electric heating unit 34 is mounted to the side of 

hot water heater assembly 30. Heating element 340 of 
unit 34, extends through outer housing 50 and the wall 
of storage tank 29, and is immersed in the water within 
tank 29. As previously described, during periods when 
the internal atmosphere of the solar collector panels 
drops below a predetermined temperature, the working 
fluid is not circulated through jacket 28. During such 
conditions, heat will gradually be lost from the water 
within tank 29 due to conduction and convection. This 
heat loss is more rapid if hot water is used and cold 
water is introduced into the tank. Therefore, electric 
heating unit 34 is used to supplement the heat addition 
to the water in tank 29. When the water temperature in 
the tank drops below a predetermined level, a thermo 
stat (not shown) within the tank transmits an electrical 
signal to heating unit 34 turning it “ON.” Heating unit 
34 maintains the water within the tank at an elevated 
temperature thereby compensating for heat losses, such 
that hot water is always available at the faucets. The use 
of a thermostat in combination with a heating unit and 
hot Water heater is well known in the art and further 
details of the mechanical and electrical features are not 
thought necessary. 

In order to efficiently utilize heat exchanger jacket 28 
as part of heating system 20, it is wrapped around the 
outer diameter of the storage tank 29 of hot water 
heater 30. This is easily done once the outer housing 50 
and inner insulation 51 are removed from around tank 
29. With tank 29 exposed, heat exchanger jacket 28 is 
placed around approximately the lower half of tank 29 
and is circumferentially secured to tank 29 by means of 
metal bands 52. These bands, three of which are shown, 
have ends which are turned outwardly to form facing 
?anges 53. As bolts 54 and nuts 55 are tightened, the 
?anges 53 are drawn toward each other, thereby secur 
ing jacket 28 around tank 29. By positioning and secur 
ing the exterior surface of passageways 45 and 46 
tightly against the outer wall of tank 29, heat within 
jacket 28 will be conducted to the water within tank 29. 
It should be noted that although heat is supplied to 
jacket 28 only through the working ?uid from the solar 
collector panels 21, this heat will be conducted through 
out jacket 28 including the water passageways 46 as it 
circulates from and back to storage tank 29 and thus the 
entire jacket is responsible for heat transfer to water 
storage tank 29. This arrangement also heats the water 
within jacket 28 to provide a supplemental source of hot 
Water back into tank 29, but also by the use of jacket 28, 
hot spot concentrations present in passageway 45 are 
dissipated throughout the jacket for more uniform 
water heating. Once heat exchanger jacket 28 is secured 
around water storage tank 29, the inner insulation 51 
and the outer housing 50 of the hot water heater 30 are 
replaced. In this manner, heat transfer from jacket 28 is 
focused in one direction, inwardly toward tank 29. 
Heat exchanger jacket 28 has been described as being 

circumferentially secured to tank 29 by means of three 
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6 
metal bands 52. If desired, these three metal bands could 
be deleted and as shown by heat exchanger jacket 28a in 
FIG. 7, the meeting edges of the heat exchanger jacket 
turned outwardly to form ?anges 49. Registering holes 
48 machined in these ?anges may be used to receive a 
suitable fastening arrangement in order to draw the 
?anges toward each other. If this alternate form of heat 
exchanger jacket construction is employed, the design 
of the tubes 36 and 38 as well as the working ?uid tubes 
may be modi?ed slightly in their manner of exit from 
jacket 28a so as not to interfere with these formed 
?anges. 
The water heating system which has been described 

utilizes solar energy for heating water stored in a con 
ventional hot water heater. An important feature of this 
system is the heat exchanger jacket. Although the vari 
ous figures may suggest that heat exchanger jacket 28 is 
a component part of hot water heater assembly 30, it is 
to be understood that the hot water heater used need 
not be of a special design which is supplied with jacket 
28 (or 28a) already installed. Rather, virtually any home 
hot water heater can be converted to the jacketed ar 
rangement of heater assembly 30 as disclosed. In order 
to make such a conversion, the outer housing 50 is re 
moved and the inner insulation is taken off. This exposes 
the outer surface of the water storage tank. At ‘this 
point, jacket‘ 28 or 28a, obtained as a separate unit, is 
wrapped around the tank and tightly secured thereto as 
previously described. Once the jacket is in place, the 
inner insulation 51 is replaced and outer housing 50 is 
secured in place. This type of conversion is easily and 
quickly accomplished and provides a home owner a 
low-cost way to utilize his existing hot water heater as 
part of the water heating system described herein. 
An adequate tank size for most residential needs 

would be an 80-90 gallon capacity. In order to heat 
such a capacity effectively, it has been found that two 
solar collector panels each having approximately 18 
square feet of panel area for receiving radiant energy 
and one heat exchanger of approximately 18 sqaure feet 
of surface area are adequate. 
While the invention has been illustrated and de 

scribed in detail in the drawings and foregoing descrip 
tion, the same is to be considered as illustrative and not 
restrictive in character, it being understood that only 
the preferred embodiment has been shown and de 
scribed and that all changes and modi?cations that 
come within the spirit of the invention are desired to be 
protected. 
What is claimed is: 
1. A water heating system which comprises: 
a water storage tank; 
a heat exchanger jacket having at least two separate 

fluid passageways extending therethrough in dou 
ble serpentine tube-in-sheet con?guraton therein, 
said jacket being oriented around the exterior sur 
face of said water storage tank; 

means for connecting one of said separate ?uid pas 
sageways in a ?ow communication arrangement 
with the water storage space in said water storage 
tank; 

said connecting means comprising a pump and piping 
connected to said one of said plurality of said sepa 
rate ?uid passageways and cooperating with said 
storage tank to establish a water heating loop for 
circulation of water from within said water storage 
tank through said jacket and back into said water 
storage tank; 
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said jacket being removably attached to said water passageway of said heat exchanger jacket and ex 
storage tank and said tank being part of a conven- tending outside said housing and then back into 
tional hot water heater assembly having an outer said housing to its connection to said water storage 
housing, insulation inside said housing and sur- tank, a third one of said pipes arranged to provide 
rounding said jacket, and a heating device associ- 5 hot water from said water storage tank to a point of 
ated with said tank for heating stored water in the use. 
tank independent of any medium in the other of 2. The water heating system of claim 1 which further 
said ?uid passageways in said jacket, and said as- includes a fourth pipe connecting said pump to the 
sembly; other end of said one passageway of said heat exchanger 

said system further comprising three pipes which pass 10 jacket and wherein said third pipe includes in line there 
through said housing from the outside of said hous- with a pressure relief valve. 
ing and are connected to said tank inside said hous- 3. The water heating system of claim 2 in which said 
ing, a ?rst one of said pipes connecting the inlet of heating device is a heating element operable to elevate 
said pump to said water storage tank, a second one the temperature of water within said tank. 
of said pipes connected to one end of said one 15 * * * * * 
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